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Abstract 
In recent years, outbreaks of methanol poisoning from the consumption of tainted alcohol have claimed umpteen lives around the 
world. Low wages in developing countries have forced consumers to turn to cheaper, unregulated, and often toxic brews. In 
Kenya, the most common surrogate alcohol is known as “chang’aa” and has caused numerous instances of methanol poisoning. 
Though once prohibited, the Kenyan government legalized and attempted to regulate the brew in 2010. Five years later, toxic 
brews are still an issue. To understand how consumption patterns and legal ramifications affect the brewing of chang’aa, three 
brewers and ten consumers were interviewed. In addition, the brewing process was carefully studied over several days. Improper 
brewing techniques, unsafe brewer additives, and unclean equipment were noted as possible methods of methanol contamination. 
From these case studies, opportunities for the redefinition of government standards and development of inexpensive methanol 
detection techniques are identified. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of HumTech2015. 
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1. Introduction 
1.1. Surrogate alcohols in the developing world 
The simplicity and availability of the ingredients for surrogate alcohols, which are substances containing alcohol 
that are not intended to be consumed, has made methanol poisoning a global issue. It takes a mere 10-20mL of 
methanol to blind the average person, and 30mL of methanol is lethal [1]. Those who survive methanol poisoning 
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often experience visual problems after recovery [2]. Deaths have been linked to illicitly-brewed alcohols in countries 
as diverse as Mexico, Kenya, Madagascar, India, China, and the Czech Republic and a single outbreak of methanol 
poisoning can claim over 800 victims [3]. In Brazil, surrogate alcohols, such as cachaca, have been recorded to be 
up to 17% methanol, and in Ontario, Canada, 64% of methanol linked deaths were due to tainted alcohols [2].  
According to the World Health Organization (WHO), in 2004 20% of the Kenyan population is dependent on 
alcohol. A total of 49% routinely drank six or more drinks a week, and 72% participated in binge drinking [4]. Much 
of the alcohol consumed was in the form of surrogate alcohols. Though these illegal brews are made from simple 
ingredients such as corn, molasses, and fruit [5], mistakes in preparation can easily result in the production of 
methanol. The combination of high alcohol consumption and prevalent illicit brews leaves much of the population 
vulnerable to methanol poisoning.  
The popularity of traditional brews can be attributed to the low wages of Kenyans, which pressure alcohol 
abusers into seeking out inexpensive beverages. In addition, in many rural areas regulated brews are simply not sold 
and a weak police presence permits the operation of illegal breweries. Unfortunately, the most inexpensive alcohols 
available are illegal, unregulated drinks. Foremost among these beverages is chang’aa, a traditional spirit derived 
from molasses and yeast. “Chang’aa” translates to “kill me quick,” a reference to the drink’s toxic contents. A single 
batch of chang’aa containing toxic levels of methanol can kill over a hundred people and hospitalize a hundred more 
[6]. However, its low cost often makes it the only affordable drink for consumers, many of whom survive on less 
than 2 USD per day [7].  
A majority of chang’aa consumers are male and are traditionally the breadwinners for their families. Alcoholism 
diminishes their employment prospects and increases their risk of drinking adulterated chang’aa [8]. Illness or death 
due to consumption of toxic chang’aa further reduces their families’ income. Increased poverty creates another 
generation of chang’aa consumers who, in an effort to preserve what little money they have, resort to drinking 
chang’aa instead of safer, more regulated drinks, thereby perpetuating the cycle. 
 
1.2. Chang’aa policies in Kenya 
 
In an attempt to combat methanol poisoning, the Chang’aa Prohibition Act was passed in 1980. This act banned 
the sale, manufacture, supply, consumption, and possession of chang’aa, which was broadly defined as almost any 
traditional drink or spirit. It was enacted as a response to the illicitly brewed chang’aa, which in 1978 accounted for 
36.5% of all alcohol consumption in the country and was responsible for numerous deaths and cases of blindness 
[9]. Violators of the law faced up to a 10,000 KSH fine, two years in jail, or both, and all chang’aa production 
equipment and related products discovered were destroyed.  Even after its illegalization, chang’aa was still the 
culprit of many deaths and cases of blindness. An illicitly brewed batch of chang’aa with toxic amounts of methanol 
distributed in 2000 killed 113 people and sent another 394 to the hospital [10].  
Due to the act’s failures to curb injuries and fatalities due to chang’aa consumption, the drink was legalized in 
September 2010 by the passage of the Kenya Supplement No. 70 Alcohol Bill. This piece of legislation, more 
commonly known as the “Mututho Laws,” was designed to protect the health of consumers and youth, promote 
treatment and rehabilitation, and increase education and awareness of dangers pertaining to alcoholic drinks [11]. In 
addition, the Alcoholic Drinks Control Bill of 2010 was passed shortly after to regulate the chang’aa industry with 
hopes of lowering the prevalence of alcohol poisoning and increasing revenues.  
Despite the addition of these new regulations, which included multiple restrictions on the distribution and 
manufacture of the drink and a government tax, the percentage of chang’aa consumers in Kenya has risen from 3.8% 
to 4.2% [12]. Harsh consequences, including a 10 million KSH fine or 10-year prison sentence for adulterating the 
beverage, have failed to eliminate the addition of substances such as feces, industrial discharge, jet fuel, 
formaldehyde, fertilizer, decomposing animals, and embalming fluid to the final product [13]. Impure chang’aa 
batches continue to cause cases of methanol poisoning, and most attempts to enforce regulations are thwarted by 
corrupt public officials [14]. Though there have been successful operations to shut down illegal chang’aa breweries, 
most police officers have stated they would require armed security to conduct any serious raid [14]. 
In many cases, legal standards are too strict for chang’aa brewers to meet requirements. Currently the brewers are 
required to have Kenya Revenue Authority (KRA) approval as well as police, health, and zoning approval from a 
committee that consists of esteemed public officials and representatives from the NACADA and Kenyan Bureau of 
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Standards (KEBS) [15]. It is estimated it would cost a brewer 400,000 KSH (4,600 USD) to bring their brewing 
operation up to current standard. In contrast, it would only cost an estimated 8,000 KSH (90 USD) for brewers to 
create a new chang’aa den from scratch [16]. 
 
1.3. Purpose 
 
Though methanol poisoning outbreaks have been traced back to individual batches of chang’aa, little is known 
about how brews become contaminated. Knowledge of the avenues of contamination are crucial for the development 
of effective means for fighting these occurrences. A three-week study was conducted in Nyeri, Kenya to understand 
how consumption patterns and legal consequences affect the brewing of chang’aa. Interviews with locals and 
surveys of chang’aa consumers indicated many of the key motivations of stakeholders in the chang’aa industry. This 
article describes brewing methods used by three rural chang’aa brewers outside of Nyeri, identifies patterns of 
consumption, and explores the consequences of the current legal regulations. The article also suggests new methods 
to more effectively regulate the drink. However, legal policies, especially in the developing world, are not always 
effective in creating behavior change. Opportunities for the development of inexpensive methanol detection 
techniques are presented as possible solutions to this problem.  
 
2. Case descriptions 
 
Three chang’aa brewers and ten chang’aa consumers were identified in Nyeri, Kenya. Brewers were identified 
through trusted connections with former street-dwelling youth at a children’s home, many of whom had dealt with 
substance abuse in their pasts. Data collection methods consisted of unstructured interviews, facilitated by local 
interpreters, along with written observations and photography. Each brewer was asked to describe the brewing 
process and their interactions with law enforcement. Consumers were interviewed about their occupations, chang’aa 
consumption patterns, and chang’aa brewery (more commonly called chang’aa “dens”) preferences. Brewers were 
identified through local contacts and may not accurately represent the entire population of brewers, and customers 
were also selected solely on the basis on availability. Participants were interviewed using translators, and their 
responses may have been altered in the translation process. 
 
2.1. Brewing process 
 
Each of the brewers followed a similar procedure to brew their chang’aa (Fig. 1). Large 30L jugs of molasses and 
yeast were obtained from local markets. The first step to producing a batch of chang’aa involved taking a large jug 
of molasses and splitting the molasses equally into four separate jugs (Fig. 2a). A capful of yeast and water from a 
nearby river were added to each jug. Two brewers left their jugs next to the river bank for a span of three to seven 
days to allow the mixture to ferment. This method risked contamination from insects or dirt that could enter the jugs. 
The third brewer buried his jugs in the ground and covered them with leaves for two to three days. 
 
After fermentation, the mixture was distilled. Though one brewer claimed to have a fractional distillation set up, 
all three brewers actually used simple distillation for the end product (Fig. 2c). The fermented mixture was placed 
into a large container and placed over a heat source, normally a fire, which vaporized the product. This container 
was either an old oil drum that have never been cleaned or a reused bug repellent can, both of which posed 
contamination and sanitation risks. A hose ran from the container and dipped down into the river, which acted as a 
Acquisition of 
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Figure 1: Chang'aa brewing process used by brewers in Nyeri, Kenya. 
398   Kelly Carey et al. /  Procedia Engineering  107 ( 2015 )  395 – 402 
condenser. The first few ounces of distillation product, known as foreshot, contain the majority of methanol 
produced. A separate container collected the remaining distilled product, which was then sold as chang’aa. 
 
2.2. Avenues for contamination 
 
Improperly 
sanitized 
equipment is 
a possible cause of brew contamination (Fig. 3b). One brewer used an old oil drum for part of his distillation set up 
(Fig. 2b). Though he claimed that the container had been cleaned before use, he admitted the container was never 
cleaned between batches. Another brewer used an old insect repellent container. Most of the equipment used by the 
brewers was reused and rarely cleaned. It is feasible that residues of toxins left over in unsterilized equipment could 
contaminate the final product. Gradual corrosion of the metal containers can also introduce toxins into the brew 
[17]. Equipment contamination has been documented worldwide as a source of methanol in surrogate alcohols. In 
Turkey, a home-brewed alcohol known as raki has been linked to at least 17 deaths due to methanol poisoning. Raki 
can contain toxic levels of methanol due to the wooden materials and reed pipes used during the distillation process 
[2].  
Unpurified water poses an additional safety threat (Fig. 3a). The addition of water to the molasses and yeast 
mixture is an integral part of the brewing process. However, the water used is often unsafe. The brewers in this 
study used water from a nearby river, which though moving quickly was brown and muddy. Only one brewer boiled 
the water before adding it to the brew. The use of unpurified water increases the risk for contamination with a 
B 
C 
Figure 2: a) Jugs used in fermentation process; b) simple distillation set up; c) diagram of 
the distillation process. 
A B 
C 
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variety of pathogens. In some slums, there have been reports of chang’aa brewers using water that contains fecal 
matter [8]. 
The fermentation process further exposes the brew to contamination (Fig. 3d). After the ingredients are 
combined, the fermenting mash is exposed to the sunlight and elements for several days until the fermentation 
process is complete. Two brewers set their jugs filled with the molasses mixture in the sun for anywhere from three 
to seven days, depending on the weather (Fig. 2a). The third brewer buried his jugs in the ground, covered slightly 
by leaves. In both situations the fermentation containers were left open and exposed to the insects, varmints, and the 
elements. 
Another major avenue of contamination is the improper use of foreshot, the toxic initial product (Fig. 3e). The 
foreshot contains the majority of the methanol and toxins found in a brew. One brewer hired someone to taste test 
his distilled product as it would condensate, exposing the tester to a high risk of methanol poisoning. Sometimes, the 
taste tester hired by the brewer would become so intoxicated that he would be unable to return home and instead 
would remain at the chang’aa den for the night. Another brewer collected his foreshot and sold it for profit. Since 
the foreshot was perceived as especially strong, brewers could charge an extra fee for it. This practice risks the 
safety of the consumers. 
The most dangerous practice is the addition of assorted substances to the brew to increase its strength (Fig. 3c). In 
an effort to attract customers, brewers in the area would add extra ingredients such as oil, glue, bug repellant, and 
‘white rocks’ to give their product an extra kick. These ‘white rocks’ were described as small white stones that can 
erode a metal nail and cause severe burning and discomfort in the throat and stomach, leading to the conclusion that 
these ‘white rocks’ were an alkali substance such as potassium hydroxide or sodium hydroxide. 
 
2.3. Consumption patterns 
 
The consumers of chang’aa were primarily men with families. They preferred to purchase chang’aa from dens 
reputations for having the strongest batches of the brew, and were strongly loyal to their chosen brewer. Advertising 
for the dens was done strictly through word of mouth, so it was crucial for brewers to maintain good relationships 
with customers. In addition, brewers used the perceived potency of their brews to justify their price. Since the drink 
has low profit margins to begin with, they were incentivized to make their brew as strong as possible using 
hazardous additives. 
Figure 3: Methods of chang’aa contamination; a) unpurified water; b) unclean equipment; c) brewer additives; 
d) exposure during fermentation; e) improper use of foreshot. 
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While these consumers were aware of the dangers of methanol poisoning from chang’aa, they continued to 
consume the drink because it was the only affordable source of alcohol. They desired an affordable method of 
verifying the safety of their drink. Currently, their main method for gauging the safety of a drink is evaluating its 
appearance, often mistaking the lack of color in a clear glass of chang’aa for a sign of purity. 
 
2.4 Legal ramifications 
 
Brewers reported facing a multitude of legal challenges involved in producing and selling their drink. Since these 
brewers could not afford to brew their chang’aa legally, they risked penalties of up to 5 million Ksh, five years in 
jail, or both if caught making or selling the brew. During this study, one den was raided by police, who slashed the 
fermentation containers (Fig. 4). 
 
As a response to the threat posed by law enforcement, the brewers developed a type of neighborhood watch 
system in which neighbors will call and warn the brewers of any police activity in the region, giving the brewer 
enough time to allow all of his consumers to leave before officials arrive. Consumers thereby avoid various charges 
from drinking illegal chang’aa. The brewers also cited police corruption and bribery as an additional business cost. 
Corrupt police officers often threatened the destruction of an essential piece of brewing equipment if denied a bribe. 
 
3. Discussion 
 
There is a need to develop a way to better regulate the chang’aa industry to meet the needs of all three 
stakeholders (brewers, customers, and the government) in a more cost-efficient and effective manner. There are 
several opportunities that exist to solve the problem of regulating the chang’aa industry. Among potential solutions 
are redefinition of government-set standards or requiring the use of inexpensive methanol detectors. 
 
3.1. Redefinition of government standards 
 
A main reason that chang’aa brewers are unable to obtain the necessary permits to legally brew chang’aa is 
because they are unable to afford the equipment needed to pass the government-set standards. By designing a 
distillation set-up that meets the requirements specified by NACADA but costs less than the current standards, 
Figure 4: Fermentation jugs destroyed during a police raid. 
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brewers would be able to meet regulations. Such a system would help increase the number of brewers who are 
legally making and distributing chang’aa, allowing for government officials to effective regulate the brewers and 
enforce standards. An affordable distillation system would allow for the brewers to avoid jail time and high fines. 
Costs may also be lowered by decreasing police corruption, thereby reducing money spent on bribes by brewers. 
 
3.2. Inexpensive methanol detection 
 
An affordable method of detecting lethal amounts of methanol in chang’aa could increase the safety of chang’aa 
consumption for customers while protecting brewers from legal consequences. Consumers could test their drink to 
protect themselves from methanol poisoning. Brewers could ensure the safety of their consumers and provide 
evidence to local officials that their product does not contain harmful amounts of methanol.  In addition, individuals 
hired to taste test batches of chang’aa will no longer be needed, decreasing the cost per batch for the brewer and 
removing the health risks for the taste tester. A suitable sensor would need to be able to detect toxic amounts of 
methanol in chang’aa, (3.6% methanol or 10mL per glass) and avoid false positives from water or ethanol. In 
addition, the sensor would need to be contextually appropriate, easily implemented and marketed, simply 
maintained, either reusable or easily and safely disposable, and sustainable.  
Inkjet printing has the potential to inexpensively manufacture large quantities of methanol test strips. By 
replacing the ink in the ink cartridge with specific chemicals, the device can be used to print strips that produce a 
visual change in the presence of methanol. Strips could be produced for only a few cents per strip, making this 
method affordable for both the brewers and chang’aa consumers. Though methanol and ethanol are both primary 
alcohols and often react similarly, a reaction with potassium dichromate may allow for the detection of even small 
amounts of methanol in a brew. When potassium dichromate reacts with methanol, it forms formaldehyde. This 
byproduct can be detected by printing the potassium dichromate solution on formaldehyde-indicating paper. In this 
case, a color change would indicate the presence of formaldehyde, and therefore methanol. A reaction of potassium 
dichromate with ethanol would not produce formaldehyde, reducing the chances of false positives.  
A research group in Brazil have developed a chemiresistive polymer sensor that is able to detect small amounts 
of methanol in an alcoholic solution. Designed for use with Brazilian sugar cane spirits, a drink similar to chang’aa, 
these sensors have a high specificity and sensitivity and are useable over 500 times per life-cycle. Such sensors are 
highly sensitive to methanol because the polymer matrix is small enough to prevent the passage of ethanol, and the 
membrane is too hydrophobic to allow water molecules to permeate. These sensors can be manufactured for 1 USD 
per sensor [18].  
Volatile organic compound (VOC) sensors also have potential to be adapted to for the detection of methanol. 
Breathalyzer measurements of VOCs are widely used to measure blood alcohol content (BAC) levels in the 
developing world, and simple smartphones add-ons exist that allow for personal BAC measurement. Adaptation of 
this technology, which relies on basic oxidation-reduction chemistry [19], could make it specific for methanol. Its 
simplicity and ease of use make it well-suited for use in the developing world. 
Addition of a test for ethanol content would make any methanol detection test much more appealing to brewers, 
increasing the likelihood that such tests could be commercially sustainable. Such a tool would allow the brewers to 
be able to prove to their customers both the safety of each batch of chang’aa, as well as provide a metric by which to 
compare brews. Since brewers rely on their reputations for producing the strongest batches of chang’aa to increase 
their customer base, this additional test could enhance or harm their sales. 
 
4. Conclusion 
 
The current state of chang’aa consumption in Kenya endangers the health and livelihoods of both brewers and 
consumers. Reform is needed either through legislation or through the development of a low cost, easily implement 
methanol detection system. In a world where personal breathalyzers can use smartphones to measure blood alcohol 
content, it is reasonable to imagine an inexpensive device to detect methanol. An affordable yet widely available 
technology such as this has the potential to give chang’aa consumers control of their health and safety. While in the 
long term, legal changes must occur to create effective regulation that will protect both the health of customers and 
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the livelihoods of brewers, technological innovation has the potential to improve the safety of chang’aa consumption 
in the short term.  
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